Chemicals were purchased from commercial suppliers and used as received, except that cyclobutane-1,1-dicarbonyl dichloride was synthesized by treating cyclobutane-1,1-dicarboxylic acid with thionyl chloride. Acetonitrile and triethylamine were distilled from calcium hydride under nitrogen. Tetrahydrofuran (THF) was distilled from Na metal/benzophenone ketyl. The dried CH 3 CN and THF were freshly distilled prior to use. All reactions were carried out under nitrogen. Silica gel (230-400 mesh and a pore size 60 Ǻ) purchased from Sorbent Technologies, was used as the stationary phase for flash chromatography analyses.
points were recorded with a Mel-Temp apparatus and were uncorrected. IR spectra were recorded on a Nicolet 6700 FT-IR spectrometer. A Bruker AXS Smart 1000 diffractometer, upgraded with an APEX II detector and software which incorporates SHELX components, 1 was employed for crystal structure determinations at -173 C. All reactions were carried out under nitrogen.
Preparation of enol-esters of thiazoles, oxazoles, benzoxazoles and benzothiazoles (Z)-1-Phenyl-2-(thiazol-2-yl)vinyl benzoate (31)
2 Triethylamine (1.83 g, 18.1 mmol, 3.6 eq.) was added to a stirred solution of 2-methylthiazole 29 (0.496 g, 5 mmol, 1 eq.) in CH 3 CN (25 mL) at room temperature under nitrogen. Benzoyl chloride (2.13 g, 15 mmol, 3 eq.) in acetonitrile (20 mL) was added dropwise into this solution at room temperature under nitrogen. This solution was refluxed for 7 h. After cooling to room temperature, acetonitrile was removed by rotary evaporation. The residue was dissolved in dichloromethane (30 mL), washed with saturated aqueous NaHCO 3 (2 × 30 mL) and dried over anhydrous sodium sulfate and filtered. After removal of dichloromethane by rotary evaporation, the crude product was purified by column chromatography (silica gel, ethyl acetate/hexane = 1:3) to give the title compound 31 (1.364 g, 88.8%) . This general procedure was also used for the syntheses of compounds 32, 33, 34-35 discussed in this section.
Yellow solid; mp = 105-106 C; R f = 0.39 (ethyl acetate/hexane = 1:3).
IR (neat): 3116, 3069, 3032, 2981, 1732, 1642, 1599, 1448, 1235, 1175, 1076, 1058, 1023, 762, 707 86, 134.23, 130.62, 129.73, 128.99, 128.92, 125.06, 119.76, 112.18 .
(Z)-2-(4,5-dimethylthiazol-2-yl)-1-phenylvinyl benzoate (32)
The title compound 32 (1.11 g, 66.1%) was obtained using 2,4,5-trimethylthiazole 21 (0.636 g, 5 mmol, 1 eq.), triethylamine (1.84 g, 18 mmol, 3.6 eq.) and benzoyl chloride (2.13 g, 15 mmol, 3 eq.) by the general procedure used for the synthesis and purification of 31. Ethyl acetate/hexane = 1:3 was used as the eluent for column chromatography.
Yellow solid; mp = 156-158 C.; R f = 0.50 (ethyl acetate/hexane =1:3).
IR (neat): 3066, 3045, 2951, 2915, 1741, 1655, 1537, 1450, 1432, 1227, 1076, 1050, 1023, 885, 767 09, 130.81, 129.37, 128.93, 128.87, 124.81, 112.32, 14.62, 11.43 .
(Z)-2-(4,5-dimethyloxazol-2-yl)-1-phenylvinyl benzoate (33)
The title compound 33 (1.26 g, 78 .9%) was obtained using 2,4,5-trimethyloxazole 22 (0.585 g, 5 mmol, 1 eq.), triethylamine (1.87 g, 18.5 mmol, 3.7 eq.) and benzoyl chloride (2.15 g, 15.1 mmol, 3 eq.) . The general procedure used for both the synthesis and purification of 31 was followed. The crude product was purified by column chromatography using ethyl acetate/hexane = 1:4 over silica gel.
Sticky oil; R f = 0.54 (ethyl acetate/hexane =0.3).
IR (neat): 3062, 2978, 2953, 2923, 2858, 1738, 1633, 1449, 1236, 1175, 1082, 1064, 1024, 1000, 760 62, 130.35, 129.73, 128.88, 128.56, 125.05, 103.29, 11.11, 9 .78.
(Z)-2-(benzo[d]thiazol-2-yl)-1-phenylvinyl benzoate (34)
The title compound 17 (1.89 g, 53%) was prepared from 2-methylbenzothiazole 27 (1.51 g, 10 mmol, 1 eq.), triethylamine (3.71 g, 36.7 mmol, 3.7 eq.) and benzoyl chloride (4.26 g, 30 mmol, 3 eq.) by the general procedure used for the synthesis and purification of 31. Ethyl acetate/hexane = 1:6 was used as the eluent for column chromatography over silica gel.
Yellow solid; mp = 146-148 C; R f = 0.54 (ethyl acetate/hexane = 1:4).
IR (neat): 3061, 2981, 1739, 1641, 1596, 1452, 1445, 1432, 1227, 1209, 1175, 1080, 1055, 1023, 1000, 850, 754, 656 32, 130.74, 130.17, 129.07, 129.00, 126.37, 125.44, 124.33, 123.12, 121.41. 112.56 .
(Z)-2-(benzo[d]oxazol-2-yl)-1-phenylvinyl benzoate (35)
The title compound 35 (2.94 g, 43%) was obtained by the reaction of 2-methyl-benzoxazole 30 (2.69 g, 20 mmol, 1 eq.), triethylamine (7.48 g, 74 mmol, 3.7 eq.) and benzoyl chloride (8.51 g, 60.5 mmol, 3 eq.). The general procedure used for the synthesis and purification of 31 was employed. The eluent used for column chromatography over silica gel was ethyl acetate/hexane = 1:5.
White crystalline solid; mp = 97-98 C; R f = 0.58 (ethyl acetate/hexane = 1:4).
IR (neat): 3078, 1731, 1644, 1605, 1540, 1451, 1234, 1181, 1152, 1084, 1067, 1027, 946, 848, 790, 746, 701, 687 OCOC 6 3117, 3084, 3060, 1687, 1622, 1598, 1576, 1494, 1483, 1449, 1263, 1210, 1100, 1070, 752 The areas of the peaks for 1a and 1b were considered separately since their mole ratio in the solution was not 1:1. All peaks were first integrated by setting the area of the vinyl proton (=CH) peak of the enol tautomer 1a at 6.28 ppm at one versus the rest of the resonances for 1a. The area of the methylene protons ( CH 2 ) of the keto tautomer 1b at 4.69 ppm was set at two versus the rest of the resonances for 1b. The integration values of each peak and coupling patterns were used when assigning proton signals for the each tautomer. To obtain the mole ratio between 1a
and 1b in CDCl 3 , the integrated area of the CH 2 at 4.69 ppm was set at two and then the =CH peak at 6.28 ppm was integrated and found to have an area of 0.5 versus the integrated area of the methylene proton peak of the keto form. The enol =CH peak corresponds to one proton per molecule and the keto CH 2 peak corresponds to two protons per molecule. Therefore, to calculate the mole ratio between 1a and 1b, half of the keto CH 2 integrated area (1.0) of 1b was divided by the enol =CH integrated area (0.5). This gave 1:2.0 ratio for 1a:1b. 140.25, 133.85, 129.77, 128.88, 128.66, 128.52, 125.56, 120.18, 114.53, 91.13, 42.78 .
(Z)-2-(4,5-dimethylthiazol-2-yl)-1-phenylethenol (3a) and 2-(4,5-dimethyl-thiazol-2-yl)-1-phenylethanone (3b)
Tautomers ( IR (neat): 3089, 3055, 3038, 2980, 2918, 1630, 1573, 1555, 1492, 1454, 1268, 1146, 1060, 817, 770, 747, 687, 648 The areas of the peaks for 3a and 3b were considered separately since their mole ratio in the solution was not 1:1. All peaks were first integrated by setting the area of the vinyl proton (=CH) peak of the enol tautomer 3a at 6.19 ppm at one versus the rest of the resonances for 3a. The area of the methylene protons ( CH 2 ) of the keto tautomer 3b at 4.61 ppm was set at two versus the rest of the resonances for 3b. The integration values of each peak and coupling patterns were used when assigning proton signals for the each tautomer. To obtain the mole ratio between 3a
and 3b in CDCl 3 , the integrated area of the CH 2 at 4.61 ppm was set at two and then the =CH peak at 6.19 ppm was integrated and found to have an area of 0.71 versus the integrated area of the methylene proton peak of the keto form. The enol =CH peak corresponds to one proton per molecule and the keto CH 2 peak corresponds to two protons per molecule. Therefore, to calculate the mole ratio between 3a and 3b, half of the keto CH 2 integrated area (1.0) of 3b was divided by the enol =CH integrated area (0.71). This gave 1:1.41 ratio for 3a:3b. 129.42, 128.80, 128.44, 125.35, 90.75, 43.02, 14.63, 14.34, 11.34, 11.25 .
(Z)-2-(4,5-dimethyloxazol-2-yl)-1-phenylethenol (4a) and 2-(4,5-dimethyl-oxazol-2-yl)-1-phenylethanone (4b)
Tautomers ( IR (neat): 3059, 2980, 2953, 2924, 2882, 1693, 1633, 1598, 1578, 1532, 1496, 1449, 1293, 1201, 1066, 1012, 756, 713, 688, 639 
The areas of the peaks for 4a and 4b were considered separately since their mole ratio in the solution was not 1:1. All peaks were first integrated by setting the area of the vinyl proton (=CH) peak of the enol tautomer 4a at 5.91 ppm at one versus the rest of the resonances for 4a. The area of the methylene protons ( CH 2 ) of the keto tautomer 4b at 4.37 ppm was set at two versus the rest of the resonances for 4b. The integration values of each peak and coupling patterns were used when assigning proton signals for the each tautomer. To obtain the mole ratio between 4a
and 4b in CDCl 3 , the integrated area of the CH 2 at 4.37 ppm was set at two and then the =CH peak at 5.91 ppm was integrated and found to have an area of 0.28 versus the integrated area of the methylene proton peak of the keto form. The enol =CH peak corresponds to one proton per molecule and the keto CH 2 peak corresponds to two protons per molecule. Therefore, to calculate the mole ratio between 4a and 4b, half of the keto CH 2 integrated area (1.0) of 4b was divided by the enol =CH integrated area (0.28). This gave 1:3.57 ratio for 4a:4b. 129.62, 128.78, 128.58, 128.42, 125.30, 84.23, 39.04, 11.05, 10.95, 9.97, 9 .86. The areas of the peaks for 5a and 5b were considered separately since their mole ratio in the solution was not 1:1. All peaks were first integrated by setting the area of the vinyl proton (=CH) peak of the enol tautomer 5a at 6.35 ppm at one versus the rest of the resonances for 5a. The area of the methylene protons ( CH 2 ) of the keto tautomer 5b at 4.81 ppm was set at two versus the rest of the resonances for 5b. The integration values of each peak and coupling patterns were used when assigning proton signals for the each tautomer. To obtain the mole ratio between 5a
and 5b in CDCl 3 , the integrated area of the CH 2 at 4.81 ppm was set at two and then the =CH peak at 6.35 ppm was integrated and found to have an area of 1.63 versus the integrated area of the methylene proton peak of the keto form. The enol =CH peak corresponds to one proton per molecule and the keto CH 2 peak corresponds to two protons per molecule. Therefore, to calculate the mole ratio between 5a and 5b, half of the keto CH 2 integrated area (1.0) of 5b was used with respect to the enol =CH integrated area (1.63). This gave 1:1.63 ratio for 5a:5b. 130.38, 128.90, 128.73, 128.58, 126.56, 126.06, 125.98, 125.15, 124.20, 122.95, 121.60, 121.46, 120.04, 90.92, 43 .91. 
(Z)-2-(benzo[d]oxazol-2-yl)-1-phenylethenol (6a) and 2-(benzo[d]oxazol-2-yl)-1-phenylethanone (6b)
The areas of the peaks for 6a and 6b were considered separately since their mole ratio in the solution was not 1:1. All peaks were first integrated by setting the area of the vinyl proton (=CH) peak of the enol tautomer 6a at 6.21 ppm at one versus the rest of the resonances for 6a. The area of the methylene protons ( CH 2 ) of the keto tautomer 6b at 4.64 ppm was set at two versus the rest of the resonances for 6b. The integration values of each peak and coupling patterns were used when assigning proton signals for the each tautomer. To obtain the mole ratio between 6a and 6b in CDCl 3 , the integrated area of the CH 2 at 4.64 ppm was set at two and then the =CH peak at 6.21 ppm was integrated and found to have an area of 1.06 versus the integrated area of the methylene proton peak of the keto form. The enol =CH peak corresponds to one proton per molecule and the keto CH 2 peak corresponds to two protons per molecule. Therefore, to calculate the mole ratio between 6a and 6b, half of the keto CH 2 integrated area (1.0) of 6b was used respect to the enol =CH integrated area (1.06). This gave 1.06:1 ratio for 6a:6b. IR (neat): 3155, 3110, 3095, 2974, 2927, 1741, 1637, 1593, 1568, 1523, 1475, 1386, 1331, 1158, 1096, 914, 874, 803, 768, 734, 710, 676 IR (neat): 3161, 3124, 3061, 2962, 2935, 2876, 1729, 1681, 1633, 1601, 1475, 1385, 1331, 1204, 1163, 927, 876, 841, 821, 796, 699, 676 
8-Benzoyl-6,6-diethyl-6H-thiazolo[3,2-a]pyridine-5,7-dione (37)
2
10-Benzoyl-7,8-dihydropyrano[2,3-d]thiazolo[3,2-a] pyridin-5(6H)-one (40)
Cyclobutane - IR (neat): 3149, 3089, 3066, 2979, 2937, 2904, 1645, 1597, 1530, 1489, 1333, 1308, 1266, 1183, 1158, 1058, 961, 905, 848, 733, 697 74, 128.02, 127.49, 123.62, 114.11, 66.72, 20.80, 19 Single crystals of 40 were grown for X-ray crystallography by the vapor diffusion method.
Hexane was diffused into a solution of compound 40 dissolved in chloroform. IR (neat): 3062, 3022, 2986, 2940, 1741, 1688, 1649, 1589, 1564, 1453, 1386, 1372, 1356, 1220, 1184, 1082, 983, 910, 922, 842, 802, 768, 735, 708, 634 
8-Benzoyl

Bis[(Z)-2-(4,5-dimethylthiazol-2-yl)-1-phenylvinyl] 2,2-dimethylmalonate (41)
Pale yellow solid; mp = 170-172°C; R f = 0.35 (EtOAc-hexane = 1:2).
IR (neat): 3057, 2981, 2951, 2922, 2858, 1768, 1745, 1632, 1536, 1248, 1129, 1082, 1021, 760, 690 Figures S8 and S9, respectively. Compound 39 (0.237 g, 35%) was isolated as the third fraction (fraction 3).
Fraction 4 (0.056 g) was collected as the last fraction and it was also unidentified. The 1 H NMR spectra of fraction 4 is given in Figure S10 . The 1 H NMR spectra of the isolated unidentified fractions 1, 2 and 4 do not match up with the spectrum corresponding to bis-vinyl ester 42.
8-Benzoyl-2,3-dimethyl-6H-oxazolo[3,2-a]pyrimidine-5,7-dione (39)
Yellow crystalline solid; mp = 176-178 °C; R f = 0.36 (EtOAc-hexane = 1:1).
IR (neat): 3053, 2997, 2960, 1739, 1715, 1652, 1599, 1586, 1415, 1258, 1186, 1014, 986, 914, 821, 803, 770, 749, 712, 691 Single crystals of 39 were obtained for X-ray crystallography by the vapor diffusion method.
Hexane was diffused into a solution of compound 39 dissolved in chloroform.
Bis[(Z)-2-(4,5-dimethyloxazol-2-yl)-1-phenylvinyl] 2,2-dimethylmalonate (42)
Brown sticky oil R f = 0.49 (EtOAc-hexane = 1:1). Compound 45 (0.182 g, 44%) eluted first, followed by compound 46 (0.026 g, 7%). In addition to fractions corresponding to 45 and 46, two more fractions have been collected, which had complex 1 H NMR spectra ( Figures S11 and S12 ). These two fractions were collected before 45
and 46, in the order of fraction 1 (0.061 g) and fraction 2 (0.049 g).
An inverse addition reaction was also performed by adding a solution of the tautomers 5a,b
(0.507 g, 2.00 mmol, 1 equiv.) and Et 3 N (0.715 g, 7.07 mmol, 3.54 equiv.) in CH 3 CN (30 mL) to a solution of 2,2-dimethylmalonyl dichloride (0.524 g, 3.04 mmol, 1.52 equiv.) in CH 3 CN (15 mL) dropwise over a period of 30 min. This solution was refluxed for 8 h and the general work up procedure was followed. The eluting solvent used for the column chromatography was EtOAc-hexane 1:3. Compound 45 was isolated in 62% yield (0.435 g). There were several other spots including a very pale spot for compound 46, but these were not isolated. IR (neat): 3126, 3080, 3028, 3000, 2947, 1732, 1657, 1609, 1471, 1385, 1356, 1212, 1121, 936, 910, 760, 736, 700, 593 
4-Benzoyl
